ABSTRACT. A 9-year-old male Shih Tzu with osteosarcoma had a forelimb amputation and underwent chemotherapy. During chemotheapy, the right eye was enucleated due to refractory glaucoma, and was diagnosed as anterior uveal malignant melanoma. The dog lived for 4 months after the enucleation without treatment. After the dog died, the mass in the eye was re-evaluated immunohistochemically, and it was diagnosed as metastasis of appendicular osteosarcoma. Metastasis of appendicular osteosarcoma to the anterior chamber is quite rare, and the clinical course which showed clinically detectable metastases to the eye before systemic multi-organ metastases was quite unique. KEY WORDS: canine, metastasis to the eye, osteosarcoma.
Appendicular osteosarcoma in dogs is the most common bone tumor, especially in large breed dogs, and it is highly metastatic [3] . Amputation of the affected limb is usually recommended because of severe pain and high risk of pathological fracture, although amputation alone can't extend survival time [3] . Extension of survival time by postoperative systemic chemotherapy is proven in many reports; however, almost all patients die due to distant metastasis [3] . On this occasion, we report a dog with appendicular osteosarcoma treated by amputation and postoperative systemic chemotherapy, which metastasized to the anterior uveal chamber several months before detection of multi-organ metastases. Such clinical course hasn't been reported previously and is thought to be very rare.
The dog in this report was a 9-year-old intact male Shih Tzu, weighing 5.4 kg. Histopathologically, this dog was diagnosed at Ozawa Animal Hospital as having osteosarcoma in the left proximal humerus. No abnormalities were found on three-view thoracic radiographs. Consequently, the dog's leg was amputated.
Histopathological examination of the leg revealed tumor cells with marked anisokaryosis, oval to round nuclei with prominent and multiple nucleoli, and eosinophilic cytoplasm had been proliferating diffusely or solidly and infiltrating into existing bone tissues (Fig. 1) . Osteoid production was also seen. Considering these findings, appendicular osteosarcoma was diagnosed.
On day 14 following surgery, chemotherapy with carboplatin at a dose of 300 mg/m 2 was started and repeated 6 times with 18 to 23 day intervals. During this therapy, no abnormalities were detected. On day 98 following the first presentation, which was day 9 following the 5th chemotherapy treatment, purulent discharge and slight conjunctivitis was noted in the right eye and was treated with antibacterial eye drops, because bacterial conjunctivitis was suspected. On day 107, intraocular pressure (IOP) was measured and found to be within normal limits (average 16.5 mmHg, normal limit is less than 25 mmHg). During the 6th chemotherapy treatment on day 111, the conjunctivitis of the right eye was slightly improved, but hyphaema and pain in the eye were noted. On day 118, increased IOP (average 42 mmHg) was noted, and a small, demarcated pale mass was found on the iris of the right eye. At this time, secondary glaucoma was suspected, and treatments with mannitol (2 g/kg i.v. over 15 min), latanoprost eye drops (1drop q24h to the right eye), and methazolamide (2.5 mg/kg, p.o bid) were started and latanoprost and methazolamide were continued until day 142 without improvement. Enucleation of the right eye was performed due to the blindness in the right eye. No other lesions were found by three-view thoracic radiographs and other examinations. On histopathological examination, at this time, the tumor was diagnosed as anterior uveal malignant melanoma. After the postoperative period, we suggested re-starting chemotherapy to the owner, but this was declined due to financial reasons. All medications were discontinued.
On day 237, the dog was presented because of slight anorexia. Rhonchus was heard by auscultation, and many nodules which strongly suggested lung metastases were revealed radiographically. On day 248, nodules with a mixed echogenic pattern were detected on the left kidney and spleen by abdominal ultrasound examination. On day 272, the dog died at his home. Postmortem examination was not performed.
Paraffin embedded biopsy samples of the tumor were submitted to another histopathologist (RD) for a second opinion. The glass slides which were used for the first histopathological examination were evaluated, as well as new sections from the paraffin embedded block. The tumor which arose from the iris, with extension into deep aspects of nearby sclera, was an expansile, well-demarcated mass comprised of large, dense sheets of moderately pleomorphic neoplastic polygonal osteoblasts. There were moderate anisocytosis and anisokaryosis in this population with few binucleate tumor cells noted. Neoplastic osteoblasts surround several small to medium-sized, irregular islands of newly-formed bone and osteoid, which are not usually seen in normal eyes or in eyes with malignant melanoma. Some free melanin-like granules containing cells were observed, as were melanophages; however, melanin could not be visualized in tumor cells of hematoxylin and eosin (H&E) stain sections (Fig. 2) . Immunohistochemical examination revealed that these neoplastic cells were negative for Melan-A and S-100 protein staining (Fig. 3) . Subsequently, the eye was definitively diagnosed as having metastatic osteosarcoma in the anterior chamber.
Diagnosis of melanoma is sometimes difficult due to the wide variety of cell morphology of melanin cells and because of occasional invisibility of melanin granules in tumor cells. Moreover, because there are some case reports of malignant melanoma with osteoid formation, even though they are rare, light microscopic examination of glass slides with only regular stain such as H&E stain is sometimes insufficient [2, 12, 15, 16] . The existence of osteoid in the eye, which the first histopathologist did not mention, strongly suggests that these cells are osteosarcoma which metastasized from the primary site. However, in order to rule out the possibility of malignant melanoma with osteoid formation, immunohistochemical examination was also per- A large amount of osteoid production (*) is seen among neoplastic osteoblasts. H&E stain. formed. Immunohistochemical stain for Melan-A and S-100 protein are useful for detecting neoplastic melanocytes, especially when they are amelanotic [8] . According to previous reports, osteoid-forming neoplastic melanocytes are always positive for Melan-A and S-100 protein [2, 12, 15, 16] . In our case, the intraocular neoplastic cells which surrounded the osteoid were negative for these stains. Considering this point and the past history of appendicular osteosarcoma, we can assert that the previous diagnosis of intraocular malignant melanoma was incorrect and that a diagnosis of metastatic osteosarcoma to the anterior chamber is appropriate. In dogs, tumors of the eye are not very common [4] . Many different kinds of secondary intraocular tumors are reported, and lymphoma is the most common secondary intraocular tumor [4, 7, 13] . Others include hemangiosarcoma, cutaneous and oral melanoma, seminoma, transmissible venereal tumor, transitional cell carcinoma of the urinary bladder, fibrosarcoma, and pheochromocytoma [4, 7, 13] . In human medicine, breast carcinoma and lung carcinoma are the common tumors which metastasize to the eye [20] , and cases of secondary orbital and choroidal osteosarcoma were also been reported [1, 10, 11, 14, 21] . However, these reports of secondary orbital osteosarcoma are not intraocular neoplasia, but retrobulbar cases [1, 11, 14] . In dogs, just one case of metastatic choroidal osteosarcoma and some cases of primary intraocular osteosarcoma have been reported by several authors [6, 9, 19, 22] , but reports of canine secondary osteosarcoma in the anterior chamber do not exist.
In cats, post-traumatic sarcomas of the eye have been reported [4, 13] . These tumors are thought to have been induced by trauma to the eye, and cats' eyes in particular are thought to be prone to developing invasive sarcoma [4, 13] . However, the dog in this report did not have any past history of eye trauma, making it unlikely that osteosarcoma in the eye was induced by trauma.
There are several reports about side effects related to carboplatin administration [17] . In human medicine, a case which developed a secondary tumor following carboplatincontaining multi-drug chemotherapy has been reported [18] . However no reports in dogs exist, and the relationship between intravenously administered carboplatin and intraocular secondary osteosarcoma in this case is unknown. In this dog, the clinical course was quite unique. The most common metastasis site of osteosarcoma is the lung parenchyma, and other sites include bone, spleen, and other soft tissues [3] . In the only report of canine metastatic choroidal osteosarcoma, the ocular lesion was found at the same time that the lung metastases were found [19] . However, in this dog, the first metastasis which was clinically detectable was in the right eye, and after enucleation he was doing very well until lung metastasis was found by radiograph. Even though computed tomography examination is thought more sensitive than conventional radiographic examination for detecting lung and other organ metastasis [5] , it is not as easily available to many clinicians as conventional radiographic examination due to its accessibility and higher cost.
At the time of writing, there have been no reports about dogs with appendicular osteosarcoma that first metastasized to the anterior chamber of the eye during carboplatin chemotherapy and which were clinically doing well until lung metastasis was detected. Careful physical and ophthalmic examination may reveal more cases with osteosarcoma metastasis to the eyes at early stages, and this may lead to further understandings about metastasis to the eyes, as well as improving the patients' quality of life.
